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TRIM (FaTE, Expo & Risk)

i for Air Toxics

1.

2.

HH Inhalation Exposure Assessment
[AQ data + TRIM.Expo aka APEX]

Multimedia Pollutant Distribution Analysis
[TRIM.FaTE]

HH Inhalation Risk Assessment
[AQ data + TRIM.Expo + TRIM.Risk]

Ecological [multimedia] Risk Assessment
[TRIM.FaTE + TRIM.Risk]

HH Ingestion Risk Assessment
[TRIM.FaTE +/- FFC + TRIM.Expo + TRIM.Risk]
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ww.epa.gov/ttn/fera

U.S. Environmental Protection Agency

Technology Transfer Network

FERA (Fate, Exposure, and Risk Analysis)

ERPA Home = Air & Fadiation = TThveb - Technology Transfer Metwork = FERELA (Fate, Exposure, and Rizk Analysis)

Total Risk Integrated Methodology (TRIM)

Multimedia Fate & Transport Modeling

Seneral
Databases to Support Exposure Modeling

Air Pollutants Exposure Model (APEXS
TREIM. Expo Inhalation]

Hazardous Air Pollutant Exposure Model
[(HAPER

Human Exposure Model (HEM)

Links to Other Models & Exposure-
Felated Information

o General Information o General
o [RIM.FaTE o [RIM.FaTE
« THIM Expo e Links to Other Models & Felated
» [FHIM.Fisk lnformation
« Peer Heview and Fublications
Human Exposure Modeling Risk

e General Agency
[nformation/Policy/Guidance

o Air Toxics Hisk Assessment

o Criteria Air Pollutant Fisk Assessment

e Links to Other Eisk Felated
Information/Guidelines

Fate, Exposure & Risk Models Download




_.'_ TRIM.FaTE - Concepts



TRIM.FaTE Modeling System

= Parcels, Volume Elements & Compartments

= Parcels - planar geographical areas used to
subdivide the modeling region.

= Volume elements - bounded 3-dimensional spaces
that define the location of > 1 compartment.

=« Compartments — Units of environmental media/biota
within which it is assumed that chemical is
homogeneously distributed.



Parcels (2D)
3 | — Soil & Surface Water Examples

source

River/Surface Water
Lake/Surface Water



Volume Elements (3D)
— air, soil, water, sediment

Simple example

Z
(altitude)

X or y (distance)



TRIM.FaTE

i - Compartments, Links, Chemical, Source

Compartment (air) Chemical
e e XX
®e @
e’ e ® @ 4 ‘+
/ ® © Ao e
Source

Transfer Links

ﬂpartment (fish)

Compartment (lake)

Transfer factors (algorithms) describe pollutant movement via links.



Fully Coupled, Mass Balance Model
- Simple Abiotic w. Plants Example

2-way transfer of mass among all linked compartments at each time step

Emissions
Air

A I A

| Soil |

Pl . |

Terrestrial plant water «— gsediment




TRIM.FaTE
B Performing a Simulation




TRIM.FaTE
i - Computer Framework

s Provides GUI for TRIM.FaTE model

s Defines characteristics of the simulation

=« Time period, geographic region, pollutants, media,
biota, emission sources, algorithms to use

= Sets model parameter values (e.q.
meteorology, soil characteristics, diets of biota)

= Executes model
= Performs sensitivity and uncertainty analyses
= Analyzes and exports results



TRIM.FaTE
| - Computer Framework Concepts

= Project:
= Contains Libraries and Scenarios
= Library:

=« Contains building blocks to use in model
runs (Scenarios)

s Scenario:

=« Contains all information needed to do a
model run (e.g. time period & details of
environmental system to simulate)

= Libraries and Projects can be saved as files



TRIM.FaTE Project Window
TRIM.FaTE = B3

File Edit Windows Help

=1 Project: SampleScenario®

File Edit Help
SCenarios Libraries
ahiotic CAmodels TRIMdata W SAMPLEVS amplesScenario i
biotic
FaTE.. I ey Fename Qpen... E emuove

= Delate Duplicate WE Add..




i Library

= Contains information (values, formulas) for
Sources, Chemicals, Compartments, and
Algorithms

= [s the starting point for a TRIM.FaTE
scenario, in which parameter (property)
values may be customized




TRIM.FaTE Library Window

EﬂLihrary: FullMaine_Librany.trl

pigortns &
Ay Aldarithims
Chermicals
Bulk Adyd = 0mpartments
Bulk Advd=ompositeCompartments
Degrada Foint Sources
DegradaProperty Types
DegradationiReaction Sink in Birds(AlglnstiD_4230)
DegradationiReaction Sink in Fish{AlalnstiD_4570)
Degradation/Reaction Sink in GroundwaterfAlalnstiD_414%5)

IREDE P A y pAfr AN




i Scenario

= Combines information from the Library
with site-specific & simulation-specific
information to create a simulation

= Is what user runs when performing a
TRIM.FaTE simulation

= EXists within a Project



TRIM.FaTE Scenario Window

EEEF&TE Scenario: SwettsPond-1

Elpjeley | [ r i) e

- includes 1 soil and 1 surface water AirTemperature_k DoodelstTRIM... Real Mumb.. =
parcel, plus one 1 air parcel. averageResultsFiles falze True ar Fal...
averadinglnternal =lInset= Text
dynSimaAbsoluteTolerance |1.0E-12 Feal Mumb...
dynSimMaxSalveriterations| 30000 Integer
dynSimRelativeTolerance |1.0E-10 Feal Mumb...
elasticityThreshold 0.01 Feal Mumb...
enableBoundamnyCaontribu... |true True arFal...
evaluateHTMLProperties... |=LInset= Date and Ti...
exportConcentration frue True arFal...

exportHTRL false True arFal...
! Trie nr Fnﬂ

= =D~ ||| | LD D —




TRIM.FaTE Scenario Window

EE@FEITE Scenario: SwettsPond-1

Links | ||| RLTusian from Plant Leaf to Air, Hgd, gl Jind=ieley

=14 Air in Alr_SSE3E= chermicalCategory =llhset=
-] fram /o sel doesTransformChermical false
-] fram Surfac doesTransportChernical true
-] fram Soil - £ enabled frue
ez | 1o Leat - isDefaultForCategory true
-] frorm Leaf P mate =Unsets
-1 to Mallard ir receivingCGhermicalMarme Elermental Merc...
_| to Commor receivingCompartmentc. . Abiotic | Air | Air ...
_| to Sinkin Si sendingChemicalMame Elemental Merc...
®- ] to Sinkin Si sendingCompantmentCa... Plant | Leaf
_| to Sink in Si 12 transferFactor =Farmula= 11

71| to Sinkin Si Al i

+- ] to Surface v

710 Soil - Sur | |

_| to Leaf- Co SendingCompartment. 4l lowExchange * |_
[fendinglinkedCompartment[abiotic | So0il].Area ) *
[2%¥3endingConpartment, Leafdrealndex *
sendingCompartment. Chenical. TotalCuticularConductan
ce +

SendingCompartment. Chemjical. Totalitomatal Conductanc
el *

(SendingChemical. 2 pureair/3endingConpartment. Cheni |_




Steps to set-up a Simulation

= Add Library to Project

= Set up Scenario spatial layout
(using Volume Element data file)

= Add Sources

= Add Chemicals

= Add Compartments to Volume Elements
= Customize Property values for site




Steps to set-up a Simulation

i (continued)

= Link compartments as appropriate
= Implement algorithms on links
= Set any link properties (e.g., runoff/erosion)

= Set scenario properties

=« E.g., simulation and output time steps & simulation
options.

= Set all information required by algorithms.
=« Framework identifies missing properties.
= User can set properties for multiple objects at once.




Verify & Run

EE@FHTE Scenario: SwettsPond-1
Fun

- eelnes 1 l__-

- includes 1 AirTemperature_K DiModelsiTRIM. .
parcel, plus averageResultsFiles false
averaginginterval ZlIhset=
dynSimAbsoluteTolerance |1.0E-12
dynSimMaxSalveriterations| 30000
dynsimRelativeTolerance |1.0E-10
elasticityThreshold 0.0
enahleBoundaryContribil... |frue
evaluateHTMLPropedies... |=Lnset=
exportConcentration true
E}:pnr’[HTML false

= |=|wm|oa| ;| m| = ks —




TRIM.FaTE Results

= Moles, Mass, Concentration

» Instantaneous values
= at specified frequency during simulation period

= Averaged values
= Over specified time periods (e.g., monthly etc)



TRIM.FaTE Results Files

= Output to text files

= Can be viewed in TRIM.FaTE

= Table format
= Chart format

= Can be imported to many programs for analysis
= E.g., Excell

= QOutput to HTML files

= Can easily confirm all aspects of scenario
(compartment property values, active algorithms,
links, etc)

= Output to MySQL database
=« Can be queried and analyzed




30 year Simulation with Source (Hg° & Hg*?)
- Results for total (MeHg+Hg%+Hg*?) as Hg

—e—Surface water in SW_Swetts
1.00E-06

—s— Common Loon in SW_Swetts
1.00E-07

1.00E-08 1 —x— Water Column Carnivore in SW_Swetts

—e— Water Column Herbivore in SW_Swetts

—_—
o
o
m
[
©

S 1.00E10 —+— Water Column Omnivore in SW_Swetts

g/L water, g/g dry sediment

1.00E-41 - o
——Sediment in Sed_Swetts
> 1.00E-12
——— Benthic Camivore in Sed_Swetts
1.00E-13
._‘g 1.00E-14 Benthic Invertebrate in Sed_Swetts
S1.00E-15 Benthic Omnivore in Sed_Swetts
1.00E-16




TRIM.FaTE Helpful Features
— for Set-up

= Volume Elements & Parcels
= Coordinates imported from text file; model flags overlaps

= Compartments
= Abiotic compartments added automatically w. VEs
= Sink compartments added automatically at open faces

s Links

» Created automatically with Smart Link

= Algorithms
= added automatically with links
= user can enable/disable



TRIM.FaTE Helpful Features
—Time-varying Input Values

= Parameter values can be constant or time-
varying, e.g.,
= Meteorological data (e.g., wind speed, temperature,
precipitation)
= Surface water flow values

NOTE: Frequency of time-varying data dictates
frequency of some model calculations
= Run time impact



TRIM.FaTE Helpful Features
- Importers & Exporters

= Importers - bring information into TRIM.FaTE.

= Many types of objects (Links, Compartments, etc)
can be imported from text files.

= New types of importers can be easily created.

= Exporters — produce output files

» ASCII formatted table suitable for import into
spreadsheet (Excel)

= Web pages (HTML Format)
= New types of exporters can be easily added



TRIM.FaTE Helpful Features
- Uncertainty/Variability

= Sensitivity feature
= Series of runs, each w. variation in value of
different parameter

= Outputs raw and processed results
(e.g., elasticity/sensitivity scores, etc.)

= Monte Carlo sampling feature

= Series of runs for which values for selected
parameters are drawn from specified
distributions



TRIM.FaTE Helpful Features
- Steady State Solution

= Short(!) run time

= Useful to test approaches for

= modeling area design (parcels, volume
elements) and

= biological system (biotic compartments and
their characteristics)

= Allows complex sensitivity or Monte
Carlo analyses in reasonable run times



TRIM.FaTE Team
— current members

USEPA's Office of Air Quality Planning & Standards
=« Deirdre Murphy, John Langstaff

Lawrence Berkeley National Laboratory
= Tom McKone, Randy Maddalena

Oak Ridge National Laboratory
= Rebecca Efroymson, Dan Jones

University of Tennessee

= Brad Lyon

ICF Consulting

= Baxter Jones, Mark Lee, David Burch, Margaret McVey

MCNC-Environmental Modeling Center
= Alison Eyth



TRIM Contacts ...

= USEPA's Office of Air Quality Planning & Standards

= [RIM.FaTE (and TRIM coordination)
« Murphy.deirdre@epa.gov
= TRIM.Expo-inhalation
« Palma.ted@epa.gov
=« Richmond.harvey@epa.gov
« Langstaff.john@epa.gov
= TRIM.EXxpo-ingestion
= Vasu.amy@epa.gov
= TRIM.Risk

=« Hollingsworth.terri@epa.gov
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----- AIR-only IMPACTS -----
Current Approaches for HH Exposure Assessment

ISC or Monitoring data
->air concentrations at specific points

HEM
-ISC w. Census data
—>air concentration at CB centroid

HAPEM

-ISC w. Census & Activity & Commuting data & annual outputs
—>Inhalation exposure concentrations for pop subgroups of interest
[averaging type limitations]

TRIM.Expo (aka APEX)
-ISC/mon w. Census & Activity & Commuting & small time steps & stochastic sampling
-> Inhalation exposure concentrations for pop/individuals of interest, w. distributional info

Both HAPEM & TRIM.Expo will feed TRIM.Risk to derive inhalation risk estimates



APEX / TRIM.EXpPO;, taiation
Is being developed to:

= Provide an exposure modeling tool for assessing air dpoIIutants
as part of EPA’s overall Total Risk Integrated Methodology
(TRIM) model framework.

= TRIM.Expo (inhalation) MIMS (Graphical Users Interface) version
= Stand alone DOS/Fortran version
= Available at: http://www.epa.gov/ttn/fera/apex_download.html

= The model is initially intended to:
= Address inhalation exposures;

= Be suitable for local, urban, or consolidated metropolitan area scale
analyses;

= Accept as input air quality data based on either monitored or
modeled data;

= Be able to estimate acute or chronic exposures

= Meet the needs of both the hazardous & criteria air pollutant
programs.
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Human Exposure Modeling -
Air Pollutants Exposure Model
(APEX/ TRIM.Expo

an Exposure

Inhalatiun)

e General Infoermation. The Air Pollutants Exposure Model (APER) is a PC-based model that was derived from the probabilistic
MAALS Exposure Model for carbon maonoxide (pNEM/CO). A draft report describing pNEM/CO is available. Reports describing
prior OALPS applications of the phEM to ozane also are available. APEX serves as the human inhalation expasure model within

prt Exposure the Tatal Risk Integrated Methodology (TRIM) model framework. See TRIM - General Infarmation page for historical information —
ling abaut TRIM and peer review of the TRIM and TRIM. Expo approach. APEX is intended to be applied at the lacal, urban, or
consolidated metropalitan area scale and currently only addresses inhalation exposures. The maodel simulates the movement of
Pollutants individuals through time and space and their exposure to the given pollutant in various microemvironments (e.q., outdoors, indoars
sure Model (APEX/ residence, in-vehicle). The user may choose the number and types of microemironments to be included, select the time period of
Expo, ) interest, use either monitared armbient air quality data or values provided from dispersion or other modeling runs, and use either a

mass balance approach or an empirical ratio-based (factor) approach to estimate indoor andfor invehicle concentrations, DAQPS
is releasing the current version of APEX (version 3.2.3) as a beta version to the broader exposure modeling community, YWe
zardous Air recognize that there are areas where the model may be refined to be more useful and more user-friendly. However, the model
pravides a useful and informative taal for inhalation exposure modeling. YYe look forward to feedback fram the larger modeling
community on madel performance and evaluation to help guide further model refinement.

o [ownload Model

e User's and Programmer’s Manual. Those planning to use APEX are strongly encouraged to carefully review Yaolume |, User's
Suide. It describes the scientific basis for the APEX model and describes the steps invalved in running APEX far bath basic and
mare advance applications. Yolume |, Programmer's Guide {available soon) describes the model and computer code in more

ﬂ Internet

| %




Inhalation Exposure Modeling

Urban Area




APEX 3.2 Flow Diagram

B

/V

Microenvironment
(ME)
Simulation*

[Concentrations
Experienced]

Exposure
Sequence

(retaining activity)

l

Exposure

(1 person)

Distributions\ N
Dose

—p Calculations

Ambient
Distribution Air Quality *
Data *
Weather Distribution
Data * Data *
(1 person)
Profile Profile * l
Generator
*Gender
*Race I Diary ——» [Series of
*Age Match Up ME’s visited]
*Employment
*Home District Event
*Work District Sequence
Probability *Gas Stove
Array from *Air Conditioner (Including
Census Data * Activity)
eIncome
eActive
*Etc.
CHAD
Microenvironment
Map *
Preprocessing MET
Diaries
h 4
Physiological

Parameters *

* Indicates some data to be supplied by the user

\ 4

Output *




Inputs to APEX 3.0

The parameters file specifies:

the input and output file names

various parameter settings for the model run (e.g., simulation start and
end dates, numbers of profiles to be run, number of seasons, number
of microenvironments, number of districts, altitude, random seed, etc.)

Input data files:

Air quality: hourly air quality data for all districts
Temperature: daily 1-hour maxima for each temperature zone in study area

METS: MET (metabolic activity) distributions from Consolidated Human
Activity Data Base (CHAD)

Physiology: body mass, VO2 max, etc. for each age and gender
Population: counts by age, gender, race and sector (from census data)
Distributions: user-defined distributions

Microenvironments: properties for each microenvironment in the model
Diary events: the event sequence for all persons in CHAD

Diary summary: the personal data for all persons in CHAD

Diary mapping: the location code to microenvironment mapping



AER

INPUT FILE=: A
sectors file WAPEX_CASE_STUDYSInputhypopulation e R
districts file DWVAPEX _CASE_STUDYYInputiAirduality™d _houstonel. txt
zones file DVAREX_CASE_STUDY™SInputhTemperaturesnzones_houston. txt
agegroups file :\APEX_CASE_STUDY\input\emp?uyment\tp_minmax.txt
commuting file DVAPEX_CASE_STUDYY T nput™commutescomm2000_houston. Txt
temperature file DVAPEX_CASE_STUDY™InputhTemperaturestemperatures_houston. txt
air guality File DWAPEX_CASE_STUDYSInputiAirdgualitysbenzene_oth3sourceshApexhoustonairél_oth. txt
metabolic file DVAPEX_CASE_STUDY™ I nput ™ CHADWCHADMET s, Tat
physiology file DVAPEX _CASE_STUDYNinputhphysiology\Physiology. Txt
distribution file DNVAPEX _CASE_STUDYSinputyProfile_FunctionshDistrib_houston.txt
microems. file DVAPEX_CASE_STUDYSInput MicroenvironhfFactorshhenzene_oth3isources™yMP_houston_oth. Txt
diaryevent file DWAPEX_CASE_STUDY T nputMNCHADNCHADEvents. Txt
diarysum file WVAPEX_CASE_STUDY™ I nput ™ CHADNCHADOUEST . TXT
diarymap file DVAPEX_CASE_STUDYSInputyMicroenvironsymappingsmicromap3d. txt

e

nEaiataiaiaiaiainininlnials!

POPULATION FILES:

pop file, Female, white = CINAPEX_CASE_STUDYMinputhpopulationytp_Fw_houston.txt
pop Tile, Female, Black = CiMWAPEX_CASE_STUDYMNinputhpopulationytp_FBE_houstaon.txt
pop Tile, Female, aAsian = CMWAPEX_CASE_STUDYMNinputhpopulationytp_FA_houston, txt
pop file, Female, MNatam = CINAPEX_CASE_STUDYNinputhpopulationdtp_FH_houston.txt
pop Tile, Female, other = CMVAPEX_CASE_STUDYMinputhpopulation\tp_Fo_houston, txt
pop file, male, white = CINAPEX_CASE_STUDYMinputhpopulationytp_Mw_houston.txt
pop File, Male, Black = CiMNAPEX_CASE_STUDYNinputhpopulation\tp_ME_houston.txt
pop file, male,  aAsian = CINAPEX_CASE_STUDYMinputpopulation“tp_Ma_houston.txt
pop file, Male,  Matam = C:NAPEX_CASE_STUDYMInput’populationytp_MN_houston.txt
= C

pop file, Male, other WVAPEX_CASE_STUDYSinputhpopulationdytp_Mo_houston. txt

QUTPUT FILES:

Tog file DWVAPEX_CASE_STUDYMoutputhhbenzene_oth3sourceshlog. Txt
exposure file VAPEX_CASE_STUDY™OUTputhhenzene_oth3sourceshexp. Txt
dose file WAPEX_CASE_STUDYSoutput™benzene_oth3sourceshdose. txt

DVAPEX_CASE_STUDYSoUTputhhenzene_oth3sourceshpsum. txt
WAPEX_CASE_STUDYSoutput™benzene_oth3sources msum. txt
DNVAPEX_CASE_STUDYMSoutputhbhenzene_oth3sourceshtables. txt
DVAREX_CASE_STUDYSoUTputhhenzene_oth3isourceshsites. Txt

persons file
microsum Tile
tahles file
site file

I nmununn
mommnmm

PARAMETER SETTIMGS:

pollutant = Benzene
InputUnits = ug/m3
?utpuyunits = ug/m3
ocation = Houstaon .
scenario = test APEX Parameter file
#profiles = 20000
#micros = 34
#zources =1
start_date = 19960101
end_date = 16861231



FARAMETER SETTIMNGS:

pollutant
InputUnits
outputUnits
Tocation
scenario
#profiles
#nicros
#zources
start_date
end_date
Latitude
Longitude
Cityradius
AdrRadius
Zoneradius
CountylList
COUMty
COUnTy
Commuting
Agemin
Agemax
DSTadjust
Hour Tyout
Dobose
rollhack
RETarget
REhackgnd
REBMax
PPMFacCtor
Misscender
MissEmMpl
Missage
AfeCutPct
AgezpProbahb
ATtitude
COHbFact
CoThresh
bebugLevel
Randomseed

Benzene
L,/ m3
ug,/m3
HOUSTON
Test
20000

34

1
19960101
1595612351
29,7533
-55.18716
20

0.5

200,

YES
45201
48201
YES

S0
2.5
100,

0
547862400

QUTPUT TABLE LEWELS:

Percentiles
TimeExp
DM1HEX[
DMEHExp
DAVGEXP
SAMVCEXp
DM1HDoO= 2
DMEBHDOS e
DMEHDO= 2
H_EHDOSE
DAvghose
SAvgDose
TimeDose
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Population, Air Quality, and
Temperature Representation in APEX
3.2

Geographical units for population are “sectors” and this
version comes with a national file of sectors using the 65,443
census tracts with population data from the 2000 census

A national commuting database based on 1990 census data is
provided which has been mapped onto the 2000 census tracts
to provide home-to-work commuting flows

“District” refers to the geo?raphlcal area represented by a
given set of ambient air quality data (either based on a fixed-
site monitor or output from an air quallty model)

0 User can specify maximum radius distance from center of study

area and can specify whether or not to include only sectors (e.g.,
census tracts) in certain counties

User can provide temperature category for each
“temperature zone"” within the “study area” and zones
are created in same fashion as districts



Set-up APEX Study Area

Sector (census tract)

Charlotte, NC
CMSA

Study area =

5 Districts

Il = Ambient
Fixed-site
Monitor
1 inch on map = 23.73 kilometers

INN | |
0 10 20 30 40

Scale in Kilometers
Parallel True to Scale: 35°




I tp_geo_houston.txt - Notepad

File Edit Formak View Help

WE201100000 20, 7564 78 —-05. 363281
4F201210100 20, 7R7T7T —-05,. 351514
4R201210200 20, 773077 —G5. 350030
4F201210300 20, 7FE22T —05, 358484
AF201210400 20, FE5O77 —-05. 359051
45201210500 20, 705676 —G5. 35803
4R201210600 20, 806026 —G5. 363014
482001210700 20, BOA32H -05,353780 APEX Sector File
45201210800 20, 7EO0Z7 —05. 343647
4F2 01210800 20, 802876 —05.331735
45201211000 20, 707026 —-05.333388
45201211100 20, 75851 —G5.333416
48201211200 20, 705174 —05, 319413
45201211300 20, 777ETT -05.327365
45201211400 20, TEET2T —05, 332163
48201211500 20, 77352 —05. 206515
45201211600 20, 7RZTIT —G5, 311913
48201211700 20, 7ORT2E —05, 307112
4F201211800 20, 703776 —05, 281145
AR201211500 20, 7EITIT —05, 208387
48201212000 20, 7FELTT —05, 253012
48201212100 20, 7E1127 —05, 276445
AF201212200 20, 754017 -05. 300087
4F2012200100 20, 815276 —05, 343613
AR201220200 20, 816626 —05. 364480
4F201220300 20, 823826 ~05, 366414
45201220400 20, 833575 —05, 367314
ARZ01220500 20, 830175 —-05. 382601
AR201220600 20, 843352 —-05. 366057
AR201220700 20, 832375 —05,. 347053
AF201220800 20, 830175 —05. 338005
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#45201212100
#4 8201230900
#48201231100
#458201252400
#4 8201252500
#F4E2 01252600
#F4E201252700
#4 8201252800
#4201 252900
#48201235000
#48201233100
#48201255200
#4 8201255300
#48201255400
#F4E201255500
#4 8201235600
#48201255700
#48201252300
#48201252400
#45201311100
#48201311400
#45201511 500
#F48201311600
#482013 20100
#45201520200
#48201320300
#F4 8201520400
#45201320500
#4 8201320600
#482015 20700
#482013 21600

Y
LHLF07
.B3677
82584
L BO08S
. FFB3T
=L
. FBTEY
L F957s
. FoEl.
L FB012
L FBOLY
. FhB2e
. FR957
e
L4472
. F389
=R
. FB4G2
. F3387
. F1BG7
. FOE7S
.B9515
L B9507
.B9582
L7
. F1s81
. 69507
. BEO5.2
L0759
. B7EE2

-945,
-95,
-95.
195352
-95,
=95,
-95,
-95,
196555
-95,
-95.
-95.
-95,
L2A1ET
-95,
-95.
=945,
-95,
-95.
-95.
-95,
-945,
-95,
-95.
=945,
-95,
=95,
-95.
-95,
-945,
-95,

27645
27897
256592

25586
243590
21502
20129

17267
17284
1539,
20540

24027
25602
23722
145995
14693
2859,
27707
28218
28620
27917
27052
25909
23800
24545
26033
24897
21867

19960101
19960101
195960101
19960101
19960101
199a010l
19950101
195960101
19960101
19960101
19960101
19960101
19960101
199a010l
19950101
195960101
19960101
19960101
19960101
19960101
195960101
19960101
19950101
195960101
19960101
19960101
199a010l
19960101
195960101
19960101
19960101

19961251
19961231
19961231
19961251
19961231
1990ld51
19961251
195961231
19961251
19961231
19961231
19961251
19961231
1990ld51
19961251
19961231
19961251
19961231
19961231
19961251
195961231
19961251
19961251
19961231
19961251
19961231
1990ld51
19961251
195961231
19961251
19961231

AEER
APEX District File




r

Units = ppm

Start Date =
End Date =
Lat =
Lon &
Q.00, 0.45,
0,28, 0.23,
0.25, 0.31,
1.53, 1.19,
1.688, 0.00,
0.680, 0.59,
.70, 0,27,
2.30, 0.00,
Q.00, 0,748,
Q.00, 0,00,
0.60, 0,346,
1.21, 0.77,
Q.00, 0.00,
1.61, 1.08,
1.06, 0.84,
1.=0, 0,85,
.37, 0.30,
.24, 0.14,
0.64, 0,66,
1.89, 1.:28,
0.00, 0.00,
1.06, 0,33,
0.25, 0.Z8,
0.80, 0.868,
Q.00, 0,00,
0.55, 0,25,
.77, 1.10,
Q.00, 0,00,
1.15, 1.03,
0.26, 0.21,
.27, 0.17,
0.45, 0.34,
0.47, 0.Z8,

Nama = #48201212100
Houston Tx Modelling Receptor Location # 1
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Uses Human Activity Data from CHAD

Over 22,000 diary days contained in CHAD used by APEX 3.0 (for
more info about CHAD see T. McCurdy, G. Glen, L. Smith, and Y.
Lakkadi. “The National Exposure Research Laboratory’s

Consolidated Human Activity Database,” Journal of Exposure
Analysis and Environmental Epidemiology 10: 566-578 (2000).

APEX can also use other activity data if provided in same format

CHAD diary event file provides CHAD ID, start time, duration,
activity, and location for a 24-hour period from midnight to midnight

CHAD questionnaire file provides CHAD ID, day type, gender,
age, race, employed outside home, daily max. temperature,
occupation, record count (# of events per day)

Metabolic equivalent (MET) file contains MET distributions for
each activity type in the CHAD database; this information is used
in APEX to estimate breathing (ventilation) rates

Can be found at: http://www.epa.gov/chadnet1/



,E CHA-Df.ventsm hlniqpa.d

BALOG7OOLA, 0000, 60, 14500, 30125,
BALO700LA, 0100, 60,14500, 30125,
BALO700LA, 0200, 60, 14500, 30125,
BALO7O0LA, 0200, 60,14500, 30125,
BALO7OOLA, 0400, 60, 14500, 30125,
BALO700LA, 0500, 60,14500, 30125,
BALO7OOLA, 0500, 60, 14500, 30125,
BALO7O0LA, 0700, 30,14500, 30125,
BALO7OOLA, 0730, 20, 14400, 30121,
BALO700LA, 0800, 60, 16000, 30122,
BALO7O0LA, 0000, 60, 14500, 30125,
BALO700LA, 1000, 30,14500, 30125,
BALG700LA, 1030, 30, o

BALO7001A, 1100, 45,14500, 30125,
BALO7O0LA,1145,15, L%

BALO7001A, 1200, 60,14500, 30125,
BALO7O0LA, 1200, 60,14500, 30125,
BALO7001A, 1400, 60, 14500, 20125,
BALO7O0LA, 1500, 60, 16000, 30122,
BALO7O0LA, 1600, 60, 14600, 30125,
BALO7OOLA, 1700,15, 14600, 30125,
BALO7OOLA,1715,45, 14400, 30123,
BALO700LA, 1800,45, 14400, 30123,
BALO700LA,1845,15,16000, 30122,
BALO7OOLA, 1500, 60, 16000, 30122,
BALO700LA, 2000,60,17223, 30125,
BALO7O0LA, 2100,60,17223, 30125,
BALO7OOLA, 2200,60,17223, 30125,
BALQ?DDIA 2300,60,17223, 30125,

PRLTAYL LI E LV I EC SRV L W N e
EALQ?DDIE 0100,60,14500,30125,
BaL9Y001E, 0200,60,14500,30125,
EALQ?DDIE,DEDG,ED,ldSDD,EDlES,
BALQYOO0lE, 0400,60,14500,30125,
EALDF001E, 0500,60,14500,30125,
BALSYOO01E, 0600, 60,14500,30125,
BaLSY001E, 0F00,60,14500,30125,

CHAD Events File




IC CHADQuest.txt - Notepad
File Edit Format Wiew Help

BALOTOOLA, TUE, F, W, M, 77,43, 34,3, 45, 20
BALGTOOLE, WED, F,w, M, 77, 51,41, %,135, 28
BALGTO0LC, THU, F,w, M, 77, 57,47,%,15, 30
BALOTO0LD, FRI,F,w, N, 77,45, 36,%, 0, 28
BALOTOOLE, TUE,F,w, N, 77,47, 30,%, 0,27
BALGTOOLF, WED, F,w, M, 77, 26, 20,%, 0, 25
BALOTO0LG, THU, F,w, N, 77, 28, 20, %, 0, 26
BALOTOOLH, FRI, F,w, N, 77,43, 36,%, 0, 28
BALGFO0LI, TUE,F,w, M, 77,41, 39,%,15, 28
BALOTO0L], WED, F,w, M, 77, 54,44 ,%,15, 28
BALOTOOLK, THU, F,w, M, 77,48,40,3%, 0, 30
BALOGTOOLL, FRI,F,w, M, 77,42, 36,%, 30, 30
BALOTO06A, WED, M, w, M, 80, 51,41,3%, 0, 31
BALOTO0GE, THU, M, w, N, 80, 57,47, %, 60, 35
BALOTO0EC, FRI,M,w, M, 80,45, 36,%, 75, 31
BALGTO0ED, TUE, M, w, M, 80,47, 30,%,15,33
BALOTO0GE, WED, M, w, N, 80, 26, 20, %, 30, 31
BALOTOOEF, THU, M, W, N, 80, 38, 20, x, 210, 34
BALOTO0GG, FRI,M,w, M, 80,43, 36,%,165, 30
BALOTO0EH, TUE, M, w, M, 80,41, 30,3, 45,31
BALOTOOGT, WED, M, w, N, 80, 54,44 %, 60, 34
BALGTO06], THU, M, w, M, 80,48,40,%,15,31
BALOTO08A, TUE,F,w, N, 88,43, 34,3, 0,31
BALOTO0SE, WED, F,w, M, 88, 51,41, %, 60,27
BALOFO08C, THU, F, W, N, 88, 57,47, %, 345, 33
BALGFO08D, FRI,F,w, M, 88,45, 36,%, 90, 25
BALOFO0SE, TUE,F,w, N, 88,47, 30,%, 30, 20
BALOTO0SF, WED, F,w, M, 88, 36, 20,3, 00, 2§
BALOTO08G, TUE, F, W, N, 88,41,39,x, 270, 32
BALOTO0SH, WED, F,w, M, 88, 54,44, 3,150, 31
BALOTOORI, THU, F, W, N, 88, 48,40, %, 465, 35

CHAD Diary Questionnaire




APEX Creates Event Sequence for Each
Simulated Individual for Study Period

The Profile Generator reads data from a probability array based on 2000
population census data and adds other variables from the user-defined
distributions to create set of profiles

User-defined distributions include:

Diary pools: assigns both CHAD diaries and calendar days to pools based on
temperature (# of temperature categories and cut points) and day type (i.e.,
weekend or weekday)

Season/Months: assigns a season to each calendar month
Employed Age: determines the probability of employment based on age

Work Sector: assigns a work sector to each profile based on home sector and
employment status

Has AC: probability of a person (profile) having air conditioning

Profile Module groups the profiles into pools of CHAD diaries, then uses
a set of rules to determine the diary selection probability

Profile Module then picks diaries at random based on pool and diary
probabilities, for each day in the simulation for each target personal
profile to create event sequence for study period



Flexible Approach for Simulating
Microenvironmental Concentrations

User defines number of microenvironments (ME) (up to 127)
Each ME can also be tagged as: at home, at work, or other

User provides input file that maps CHAD location codes into set of ME's
chosen (e.g., kitchen, living room, dining room location code in CHAD
might all be assigned as “indoor residential” ME)

For each ME user decides between two model types: factors or mass
balance
Factors type - user must provide distributions for following factors:

Proximity factor. a multiplicative factor that represents relationship between
air at nearest ambient monitoring site and air in immediate vicinity of ME

Penetration factor. multiplicative factor less than or equal to one
Sources: no limit on number of sources specified
Mass Balance type — user must provide distributions for following inputs:
Proximity factor (same as above)
Penetration factor. (same as above)

Sources: can be expressed as additive concentration (as above) or as
emission rates (if specified as emission rates, then distributions of volumes for
ME required)

Air exchange rate (AER): distributions expressed in air changes per hour
Decay rate for pollutant. set to zero for nonreactive pollutants like CO



Outputs from APEX 3.2

Output files (All in ASCII (text) format):

Log file: provides a report of highlights as the job progresses.
Useful for debugging if the job stops abnormally and documenting
input files and parameter settings used for a run.

Profile summary: summary of each personal profile in the
simulation, including age, gender, home & work sectors, air quality
district for home & work

ME summary: summary for each ME for each person. Variables
include number of minutes spent by each profile in the ME, & mean
and maximum concentration in ME

Hourly exposure: contains hour-by-hour time series of exposure for
each profile

Hourly dose: contains hour-by-hour times series of dose (%COHb
in blood) for each profile (model currently addresses dose
estimates only for CO)

Site Mapping File: provides mapping between sectors and districts

Output Tables: contains a series of summary tables for the model
run



C  psum.ixt - Notepad
Edit

Formak
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' psum.txt - Notepad

Person HseCct Wsect

55
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1
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11
1
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Age

ST
10
54
12
=L

38

cender
Female
Male
Female
Female
Male
Male
Female
Male
Female
Female

Race Emp]l

white Mowrk
white Mowrk
Black works
other Mowrk
Other Mowrk
white Mowrk
white Mowrk
white Mowrk
white works
white mowrk

STowve
MOGas
Gas
Gas
MOGEas
MOGEas
Gas
Gas
MoGas
MOGAas
MOGEas

pilot
MOPTT
MoP 1T
Pilot
MoOP 1T
MoOP 1T
pilot
MOP1T
MOPTT
fful=Nk
MOP1L

ACHOm
Has.aC
HasAC
HasAC
HasAC
HasAC
HasAC
Has.AaC
Has.aC
HasAC
HasAC

ACCar
Has.AC
Has.ac
Has.ac
MO

MO

Has Az
MO

Has.AC
Has.ac
Has.ac

Height

64 .
70.
63.
a0,
G7.
65,
&4 .
57.
65,
65,

BH6
408
402
177
379
404
581
o004
EER
354

weight Hemoglob
140,
109,
138.
28,
o2,
47,
123.
EE N
162.

80

106
937
5l6
342
788
74
TE4
305
720
077

13.744
15.112
14,553
17.740
16,653
16.170
15.124
17.529
13.0453
15. 684

File- Edit Format Miew Help

weight Hemoglob Diffday Bloodwvol HemFac  Endgnl  Endgn2 #Ewvents AvgExp AygDose MaxExp MaxDose
40,105 13. 744 22,0176 3882.07 0.000000 0,011680 0,007s09 15282 0.3147E4+01  0.0000E400 0.41599E4+02 0, 0000E4+00
_09. 937 15.112 39.430 4232,.07 0.000000 0,006412 0,006412 15085 0.6021E+01  0Q.0000E+00 0.5870E+02 0. Q000E+00Q
-38. 514 14,553 23.072 3720.34 0.000000 0,004013 0.002511 14344 0.5330E+01 0. 0000E4+00  0.2007E+03 0. QOQ0O0E+00Q
26.342 17.740 27.373  1895.30 0.000000 0,017499 0,007195 14435 0.3662E+01  0Q.0000E+00 0.5365E+02 0. Q000E+00Q
82,788 16.653 37.840 3636.67 0.000000 0,008875 0,008875 15132 0.3011E+01 Q. 0000E+00 0.4659e+02 0. 0000E+00Q
47,764 16.170 AB.7F51 2692.85 0.000000 0,0047093 0,0047093 14222 0.5067E4+01  0.0000E400 0Q.4506E4+02 0, 0000E4+00
23,784 15.124 15.897 3603.46 0.000000 0,010877 0,006869 12374 0.7765E+01  0Q.0000E+00 0. 5820E+02 0, Q000E+00Q
34,385 Len2y 36,507 1880.74 0.000000 0,007205 0,007205 13853 0.4082E+01 0. 0000E+00 0. 5408E+02 0. Q000E+00Q
G2.729 15.043 26,322 4289.684 0.000000 0,0083588 0,005562 14592 0.3501E+01  0Q.0000E+00 0.4949e+02 0, Q000E+00Q
80.077 15, 684 29.6815 3268.49 0.000000 0,006052 0,003787 14687 0.3432E+01 0. 0000E+00 O0.1081E+03 0. QOOQ0E+00Q
A I ] .
— —ea

CHAD Summary Output File



[ tables.txt - Notepad

File offat  view Help

ile 366,000 362,000 67,000 14, 000 4. 000 2,000 1.000

25.0 0. 000 0,000 A
50.0 ¥ile 366, 000 365,000 154, 000 32,000 10,000 4,000 2.000 1.000 1.000 —
7a.0 ®ile 366,000 356,000 341. 000 217.000 77000 17,000 7.000 3,000 2.000
90,0 %ile 366, 000 366, 000 363, 000 346,000 265,000 136,000 36,000 8. 000 4,000
G5.0 %ile 366, 000 366, 000 365,000 358,000 319,000 210,000 84,000 16, 000 6. 000
90,0 %ile 366, 000 366, 000 366, 000 365.000 356,000 316,000 208,990 75,000 15,000
Maximum : 366, 000 366, 000 366, 000 366,000  365.000  353.000 351,000 328,000 280,000
Mean (%) : 100,000 0. 975 50,645 29,237 18.137 0,658 3.8HO3 1.258 0.451
Min %) 100, 000 56.557 0.273 0. 000 0. 000 0, 000 0. 000 0. 000 0. 000
Max (%) 100,000 100,000 100,000 100,000 1a0. 000 08,180 5. 902 B9, 617 76,503
CountsCsim): 0.732E+07 0.724E+07 O.37L1E+07  0.214E+07 0.133E+07 0.707E406 0. 285E+06 0, 5921E+05 0.330E+05 (
#Meet (Sim): 20000 20000 20000 19972 19527 17839 15399 125569 los22
Exposure: Persons at or above each owverall average Exposure level (ugsm3), for W = 20000 profiles.  aArea Populatior
Lewvel: 0. 000 0. 500 1. 000 1.250 1.500 1.750 2.000 2. 500 3.000
Counts(Popl: 0.182E+06 0.182E+06 0.182E+06 0.1582E+06 0.182E+06 0.1582E+06 0.182E+06 0.181E+06 0.172E+06 (
#tleet (PoOp): 181866 181864 181866 181564 1581866 181564 1581866 181420 171518
#Meet (PoOp): 100,000 100,000 100,000 100,000 100,000 100,000 100,000 99, 755 94,310
Counts(sim): 0. 200E+05 0. 200E+05 0. 200E+05 0.200E+05 0.200E+05 0.200E+05 0, 200E+05 0, 200E+05 0.18%E+05 (
#hleet (Sim): 20000 20000 20000 20000 20000 20000 20000 15951 1862
¥
& >

CHAD Output Tables File



Principal Limitations and
Caveats

Provides modeling framework that is heavily dependent on user provided
inputs (e.g., ambient air quality, distributions for mass balance or factors
approach, assignment of CHAD location codes to microenvironment types,
etc.), Ithus, exposure estimates only as good as the quality of the inputs to the
mode

Uncertainty about season-long exposure event sequence because APEX 3.2
creates seasonal or year long sequence for a simulated individual by sampling
human activity data from more than one subject

Currently does not capture very well human activities that are correlated and
which can impact microenvironmental concentrations (e.g, cigarette smoking
leading to individual opening window which impacts AER that affects amount
of outdoor air penetrating to residence)

APEX 3.2 currently does not characterize separately uncertainty and variability

Initial model testing and evaluation continue



